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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable ot 
growing a carbon nanotube uniform in characteristic and directional 
property at a relatively low temp., and unnecessitating a purifying 
treatment on a substrate. 

SOLUTION: A growth starting area of the carbon nanotube 4 is 
previously formed on the surface 1b of the substrate 1 and a 
gaseous starting material containing a starting material for 
introducing carbon is introduced into a reaction vessel in a state in 
which the substrate is arranged in the reaction vessel, and the 
carbon nanotube is formed on the substrate by further generating a 
plasma by AC glow discharge in the reaction vessel, or the carbon 
nanotube is grown in narrow pores from growth nuclei at a bottom 
part of the narrow pores by providing the narrow pores in which the 
growth nuclei are arranged, and controlling the growth direction at 
the bottom of the substrate. 
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* y ^ a- ? * * * * - * l= * * * ~* ^ J * :L 
«BI=*-*>-*-<' *a-7jS£BH«if@ta£^*>fiSJ* L 

*Cfcl=*oT1MUM*±i::a-#>*-' 

[If|3fcJg2] HESat^P— tt****S*l***fcl* 
[»#«3] flUESftro^-K^^^^-^fi^ 

— if^-f-J ^a— 7(OSSii^i£o 

3^f=l±4IZE«<D*-^>^' / 
[|S#«6] *a.-*J**IMMM*<. 
jSSfltjifr & tt 3 ICE«<0 *J ✓ * a- 

6 lcER<D 

^a— -?(D84jt^*. 
[»#S19] flEHS******. KK»Affl(DlS»t^ 

icE«ro*>-tf ^a-^roSSit^*. 

E«<0*-^> - *"' / ^a-^roSBit73*. 

urea 1 1 1 itiEa(6©»rtrott*ft< i o-2~ 1 o 

[fi}#a 1 2 ] tfJESat* n -fit® A< v -f * a KStB 

«Effld*«ii*i=J5i+*maw>««*««=* 

-^>^-/^a-^*fi£fi*1±Si«*«2~1 1<0O-f 

*vAM=E«roS)S^. 
[M#JS1 31 SJS^»*l=EaufcS»:±l=*-^ 
^a-?£ J$S*1*& - 1 IS***-***' * 

«A<EK 3? *ifc<fflfL£&lf & li t . 



(b) flE«fl.<OJSW=ft-i)fiKS«*e^«!:L-"C« 

[lS*ai 4] flES^affi^T^S-t'ASS^r 

Eifflfl-^tftit e>*i&irea 1 3 l=E«<0§ii&73a. 
ureai si fiEfflTLt ur(Dna?L**-r4^^ 

i 3KEK0>Slit2rau 

[»*ai 6] ?tttfg&*<fSS£*i.*:£<*aSKflI 

E^x?£tftSt-&sreai 5i=EKroSiiS^- 

[IS*JS1 7] S(*8iSI=1i5E-7***lft1!L'CffflE 
#ai 5l=EB0!>Wt2i&. 

[R*a i 8 1 me*fttt«<. ffigai-* y 

•SIS*3S 1 3 ~ 1 7 IZSE«roSiia73Sfe. 

MMtfll 9] «E*«**<F«. coSM I fr* 
44IHJ>6»*lifc<MKt*i «££fcSreai 3~ 
1 BOHvf*uW=E«attaaJ*. 

[S»#a2 0] HUE*-*^' ^a-^CDJfcS**. 
****#A©»5HW=*yi?*>*t*W**'' 3~19 
0)tN-f*t*M=E«<D«Jt*£fe. 

[0001] 
[0 0 0 2] 

^iHb, WJttHb Us 8 0 0-1 40 0°C-C8t^b^, 1 
5 0 0~3 0 0 0"C1?S!aj8lS'r*^1?fc'S» L 

[0 0 0 3] dHtl*»JI=jfi^«B*ih.fc*-^>7-/ 
*a-?l*it«1 //miaT<D**05^a-^tt<D«!S-C 
fey. JSSWfetOJt L.-CI±K«^^iro®A^a- 
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- zf\tn >-c-c ttzAnm e ©» y *-?© 
* s i= * y ^>fc y ¥sw*»i=tt * - ^ 

C0 0 0 4] c*te»<oft«*<Dtttt*t»ro-fiftM*«iit 
^<D«B8** t t felTCD t is y ■efe'S. 
(i) *-Jt?>7r-f/<-l=^^-C 

lz£y£)S73>£A<iB«**vti< % *><. BMBI*«feiH:*S 
rsa.-*-iK>*mj (fcffi&tuiK) ^I'^^^-c 

[0 0 OS] »TI=i«'»*:3«««>*'*** ,=:3tl " C 

jsftiuRyr* 'J a- MJjufcJfli^'CWBM*©!**. * 

SHbtffrfc*.*. *fc. ^P*x«Ji+t!7r-f/<-«= 

w 1 1= * y K*Aft«H 1 t 4 
©M*fiH=BWr**ai=*y« «tt*«lL<filJ:t* 

1/ 7 r I* W (Genera I Purpose, 6P>yw— 

h\ ti&lfM&BL (High Tensile Strength, m)*<<7 

[0 0 0 6] yV7x-XSevf*ft*ittl*PAN 
tf -v * (H I eh Modu I us. HI© 94~3 

T?fcy»*©tt**mtL'C£B** 1 x Lx *« »*tttr 

<2>affififcfis* -* > y y 4 ' <- 

-tfvssasi o s o«c<ti«iifiy»tfc«ftJFi*ji^ya 

n©««. 7T-</^-©s*is!i :: ***^' ra * ,sl,S:S 

J8© 3 MWI-I*1 OnmgK© 
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*^**Al±«©3S7cAf>'<>-t?>©»«'»©« l Sil©ftffl : t> 

[00 0 7] ^6*tfc7r-f/^-l± t P'C>A^*ffi ; ? l x- 
¥S"C»l*IB.SfB» W=ttlCTfrl=B5d U 1 nmg 

J5L^Sfi»l*'<>-t?>©^* |:i<,:y ^ e,:h ' 
fctfflttibW. c©**tt*a-?i*«**M**: 

Q. Tibbetssli* f >*Xtffll*TtB«lft7T-</<- 
*^^*l5Ct*J- Crysi. Grovrth. 73 (1985) 431 1? 

[0008] aiffifiefiaT?i*Sffii-fi*»s^itTte< •> 

— ^ (Seeding Catalyst Method) fc. fl4JI£& 

ffl4>|-»2S*1i--53ltWlto!«5t(Floating Catalyst Metho 

d)*<fe*. st»*J«as-ei*7T-f /<-©«*««< 

3S«ofc»ttl='Sy-* > t-L\ Sfclshioka &I**^'J7* 
•S^tl^y^r^'*-©* 3 * 5 *^-* 1 '*"*^' * fdB 

<rtfcft«^* = fc i=* y * 6 li:7 7 •< / <-©****!*-* 

-r-5wt*Carbon, 30 (1992) 859 fc«fctf Carbon, 30 
(1992) 865 |Ci3t>tlftMUTl^*. 
[0 0 0 9] $,--7^ >ytt-C»6 J fcfc?*'" < - , * tt 

^* > 2O0O°C#ifit?«HSttiS* t *St. 2500-C 
Cfc6©57«f /<-t 2 8 O O'OBltWMt 

[ooio] c#v6©«***(*M«=** fc * PAN 
JR. e^^JR-Cl*ffi«*1 50-40 0°C©*H«-Clt 

«4b. »«fc«WMiMMW**. -r«*5*»l 3 00 

t c#ia©f»«ia'e^b*iKfcR*a©«iSt, 2 so 
o < c#ifi-e»ttib*ih.fciittS©tt»A t ft*. -<o*n^ 
A»= t =fe * o TMlMMn L«tt*tt«*-r*<i«i= 
*WWl=**fc*sfct*»*ttt'5'^*' PAN 
yV7i-XtJ7f». 9l«J«45R©l«l-e*. ?l 

tt*-^>-77"1'/<-t?l* 3 P^®^* <0 - 3 44nm 

4»L***«t*-*>'T-f /<— ci*2 4 o o°cei± 
[0011] i^fsKLfcSareft**-**-*^ 7 

-f/<— ©«l*»/imBl±-Cft*^ c*te>©+t?tkKU 




So 

(2) ya-^l=Ol»T 
ItSA^-^V^T-f/^-^yt-ffltV 1/imlTF©# 

■Cl*B«*/imJiLt©**'C«B*t s »*®****** — * 

*a.-7i:Wtf. 

[0 0 12] *-#V*V*a-?©BBI=l***** 

fi*tf»«X7 

-$»«Bi:BBaB»»©2«BK#B*:h.*. »T 

a. 

[0 0 13] 1) «Btfflt*fcB#BB 

c©#si*a-#>? 7 -f /<-©*i«jfca& t *BB c 

•CftS. C©«fc?fc»j*£C. E. SNYDER&tfBBfcBflW 

o8 9/0 7 1 6 3(=E«urt*4. c©*&i*. sa 

»l=*BB«B**»*l-'C*-- J l* :/ '*" y * a '~ :? ** 

~*tf^ Wn^t»>tt 
£©ft»»Hb7k**x*uv. ^aeu>, 

II,. H^ftBttJfBBfcfcfcBatfWB** 1 ^** 

**«©*•* 1 : 2 0-2 0 : 1 ft<S»t? 
fcy. «il*FeJMfc. *4W4FekMo. Cr. O 

(fumed) TII'*-*-±l=«»**"C*<* tt * la *** 1 

5JBS88l*5 5 0~8 5 0°croliSH-e. #*© 

sssi* i -f v^-s^fc y TKift*' 1 o o s c o m, a** 

^fcHtttfX^S 0 0 s o c m«j£A<»* L < « UStlt^ 
£5»ALt3 0#~ 1 I^IBSSt*-!t?>fi-Wl« 

[0014] Z^LtS&W*-*^!-^* 
|*BSflt 3 . 5 ~ 7 5 n mSST fe l J . l*E«© 5 

~i ooofti-at-'S.. a-tfvroBBflfcli*^-? 

[0 0 15] 2) T— 

T-*tt«ai*HJInnl=* y«wi=JLi»«**. *«"* 
Nature Vol. 354 (1991) p. 56-S8l=IBK$^-Ct^. 7 
-^ttWatl*. 7;U=f>1 OOTo r r<7>»ffl»*1f 
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*-7i*ft©«B©»B«>-«»i= 5 ~ 2 

Onm©KB«tt*fc*l=B*'*" s. -©^-tfV^a 
-7l*Ift4~3 0nm-Cfi4»1«m. 2~5 0S© 

* (0 * -tf >©IB B iHlttlll=Wl=«Bi*l=»* * *i 
Tt>S. MJS©e?*l**a.— 

(DH^fclcRfcoTiSy. *fc^®^n.--?03ig^CD® 
RflSMtliO. 3 4 nmt^^^T-f H<0@ra8g«tl-lifS 

-»*■*. *i—^«>*»**i*y » ^ 

[0 0 16] T. W. EbbesenfcliT— ffllB&'C 

ol. 358(1992) p.220-222IC|BKLrL^S. BBI=Hft 
9 mm. »«|cme6mm<DSt*#*fflt>. ^+>'<- 
tfreimm«LTttl6rf*J:5R«U ^'J^5 0 
OTor r(D8ia4'-efil1 8V. 100A«7->8 
5 0 0Tor r KTFt= t ^ 
fa-^(I)itlt'J>«t<. SOOTor rH±-Ct4ft 
©£J**I*«'>**. »»*#© 500Torrt:ti 

am**© a 7©«*i*7 5%ica-r 
[0017] 3) susteisi^^x-Ta 

BBBB* *9 X7»B*Ittl:7-f B«ft B t» 

¥7-6 1 8 O 3^«|-BBSU-Ct>4. C^.I-<fe-S) 
t, r;U^V#^«if<D»H»"^ BB*1 OOTo r 

«. w©», 7"7X7*fl)aSI*50OO~20000 

Kicau-cfcy, :©j:7ftai77X7iii»icp 

(Inductively Coupled Plas 
ma) 

[0 0 18] ft*. *B^a-7©^fc*-«WI=TVW 

Bg«;TS©^*W*i*l::fc^*^&^*£ ,,3l '' , *» 
[0 0 19] JiLfc*B*l=*fc***. Bil=***3 
lc*-*>77-f/<-l±s ttl=¥fr-Cfro*a.-?tt© 
mB«Jt«<JKiLX^<t^Bl (a) I::*"* 

**u «B*wfflLfc«iB»Bft-ei*Bi < b > » 

JMHB «B«Jtl* ; PB*. > 

•t-©sffli=a*v7=*jS©*** < *<^ L ' c33y * 7 ~ 
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;u^=T<DJa^rro»iBia$0i (d) 

[0020] 

*5it**4CI**- G. Rlnzler&liSCIENCE Vol. 2 
69 (1995) p. 1550-1553 l=fl*S*V"C t^** 3 1=*— #V 

^a)S»fli«)«l»*»6«T**ffii=*y' , * lHU " ct ' 

4. *fc> Walt A. de Heer t>l±SCIENCE Vol. 270 (19 
95) p 1179-1180 fcJitfSCIENCE Vol. 268(1995) p. 845 
-847l=***l**9l=. 

[002 1] V-^-f 2/*»*»*H^fc&5H«*-C* 

«RM*8ooT*«fc*<R«-r*«&» 

[0 0 2 2] fc&KT—frWrei********** 
fc. B*I=*JB*I»*^<T*-Ct. ^ X7 * roS 

&*<»i oo o°cia±t^«i-»^°>^^ SflUiKfcft 

fc. 

[0 0 2 3] 8l±*»6WI**-***'W>*®**"** b 
[0 0 2 5] H«l*. S»±l=^tta>fi3- 
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[0 0 2 6] #|efiS<Ote<D!MI*. Sfltii^fill**** 
[0 0 2 7] *SBW<Dtti<DlMI*« S<*±I^S<7)*l6l 

I4^ufc*-*>t/fa-7*«fi*^*-troi? 
[oo2 8] #fsni(D<iB©ae<ji*. s(*±ic^so»rara 

[0029] 

[Sffi*ft?a-r-5f=tt<7)¥S] * 

i-^(DWl<D»Jt*^l*. fi(S8»*l=iBSLfc»* 

Tlc*©aLMC"3L^B2*ffl^-CBJlWr*. - 

[0 0 3 0] H2lta£ttE*e»ro , * , ''?iEfi(»W«M 
TO-S. B4»A<Dtt«£*a-tt««ltt. B£7-*« 

8Mi*«Jl*irn-lk«W4:W«i*. ?a-tt«1»* 
Tlct ?'J> L8*L < 9 P-tt«t T— Jr*«l=WC* 

ya-WlliE*^»l ooo/<X*;HSlT-Ctt«*S!t 
tfftl OmABTMH*. Lfcttfc-Cfc 

6P, ft^n-, 777T- B8», -tL"C*:fifl»*i5ift-6 
(2)7— ^ifili 

r-^ttWcttyp-ttatit^-tBEA^i o»©i« 
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■7 ttfil © 7 — ? & * N & # * • 
[003 1] T-^ttaaiCfc^-CA-^V^^^i- 

<f>y57T-f MbjwecyAf»*v*3ii=*ft. tsu 

[0 0 3 2] *l=. ^EiSSK^^X^tWESa*^ 

vXTicoiN-ciftwr'So sRE<D^o-aiit eat, 
&a «»a**t?> fcti=«E««»^x-7-e* 
«. «E«a«?9X"*i*-*i::i o4/<*ajuaiT0> 
sat»4*«4^jf »y< a«a*<«<, ^ 

X^*i::l**^W:f><D«&K*a<D*tt0>a»L.TI.* 
1 0 0 , CA^1S<-Ct 1 OOO-cSS-eft 

ft. 

[0 0 3 3] MEltt??X7i:l*7-*lW 
y. aSt*i*H<, ^X^tp-ciia^W 
Jtt^XTlCjt^TT^*!/^ cosffijsaa^X"*!* 

-»l=1 04/^*/UJy.Ji<DE*T?»^L, ^7X7 + 
tOSSIiSt 1 000~2000 o*ci=a < 4*fto SHii&JS 
-»I=*M Hat ©«»*"<?» 

fotLfto 

[00 3 4] *»w<»iin «>«a*5*"ci*< «*«>Sa 
*n-tta*<*Jffl**.ft. 7— JHWWCttEWia* 

H&KJS^^X^-Cli^v X^ ft C i: 

tt«EE«a«#* ^ x-7 * -ea*Apaib*a* 4f«) -f 
y. *tiizr : 7X-*h&fohG>iBi\~m±?z 

a_#>7-/ * a -?a*i:iBia**i*aa<j:*«>»* 
i=*y. s(*aBi=*-^>-*->'^^-' :? * ,a:a *" e '* 

t<OT?feft. 

[0035] *560^ro*— ^v^--/ ^3.— ^<©Sl2a>sa 
aaai*. Kis«M>i=eaL*:»*-ti=*-*>*'' 
^i-^$fi!is*-&ft 1=***— 

tnu jafipi=fit««A<Baa*^fcfflfl.*Ki+ftxs 
(b) fjia«a?L(DiSii5i=fcfti*s^*Sifit lt. 



[0 0 3 6] ZOTlg 2 <Z)8lfi55£T?»*«ffiKtSI+ fc* 1 - 
LT©«Fll*, Sfci LT*©SIil-T;l<S^AI§£ 

*JM*aBl::ttB-r **©«*!= * ^ "ClWtf ft w t*< 
[0 0 3 7] C©#&W©S!2©2n*l*. 

7t?>^-/^zL-^ro«fi**-< K-r*afl.ta«t. *© 
«?ua»ici«fttt*H2BLfctta-t!. a-* 

-ji«>^-y*a-^*a»a*4*«^fc* < 'c**' a 

IC ttfl.(D^lRl1±*»*<»Ea*tllWr«wi:^ #£© 
fcftiM*tt8©fHWI-c£»©*-tf 1/ '*' y * a - 
- -3 t *ft±i=aiMMt a? -e ft c t a<t? ^ ft o 

[0038] 

[*&©**©»*] **w©« 1 at/w 2 »«a*a 

L-C3p]ffl LT*— JRV*-^ fa-7*/«S*t 

ft. c«>a->i<>*y*3.-?**H»a**fci*** 
«t l-ci*, ajLtf*a»»tt*fc*M»a*-t©B» 
a»t«ii**iftf)*tti=*-3-c. B©a#*y*a- 

[0 0 3 9] temi&llL<Dmtlz&r>Xl3— J* * 
-^fi£*BBMia**»*t-ft*ai: Ltl*. 

*a-7a*n*Mw**fci****fc t-"ca^ 
■c, aE«a>a**Rratt-ftSiB»asKi+ 

>7- / * a - ?CDJi££ WI=C3i * * ft - 1 A< 
Wfllt^ft. 

[0 0 4 0] ft«M!t«b**fc*-* :/ *'-' f a- 

a-^»*Mit* y»*wi=BWwa4»#*aa 

^SMFffi'St.CDtL-C^lfft-tA^^ft.. Cl^e.^ 
Cr, Mn. Co, N i, Cu, Nb, Mo, Pd, 

w, p t ttjfosaaa.. ^^^^-f Kssaaixs 1 c 
)SifA<*if e>*ift. afc*a©a*a 
fi(B*<iit*i4-ft-i:*^ra«:aa«a"cfc«F ° 




(7) 



[0 04 1] * a -" 
u-ci*s mill ^tu6©*r»^6ft*a«tt**»* 

[0 0 4 2] iSfiM&iri: LT*<*±KB5g*tt*:S££ 

[0043] tt*>\ c^ferowttA^te^ia*^ 1 *- 
sctA<-e#-6o -rfcfr*.. 1 o4/<x*;ms©r;i> 

=. 1 1= * y IMMIHr-*** C fc t Riffi-Cfc 

[0 0 4 4] *6lc«W**tfc*»fc L-CfH 1 ©*-* * 
££©#*##&*■* SEM(Scannlng Electron Micro 

scope :£SI6?9tffi) tttf-CW*lt***-fcl=*» 
[0045] <KIS. rHfMt^J l=*3^ri*»T(D*5 

-r**»*. ****** r «« 
*j tin;. =*t*yt'MSFtt*©* r*a«S[!Bt^j 
rjB««ft^j *y**&i=** 

eSfilT©*.©* r>77**-j i:"MSCi: 

att < . no <t ? J5tttm=aa l"c*hw*»m=* y * 
it-r*. *fc. r »«^J * r fi«t»^J *-*lt 

[oo46] rjufcwvNtt 14 *■ ■ J 

Ii3fc© * 5 lciast**vri**. 

[0047] \*m&w**tv* 

f£lVfcl^2~3 jimH&**&1 OnmgI*"CtU 4$ 
l=HKR7 & L^O t #1" 1 0 n miS*^2 ~ 

< s £i%fei*a>B£'cfc«. 8t ; ? L £1*i«-*'*II ; f-©»A < 
2flifre>s+~fts<i ! si*<&*^ 1 ** 

^t„ J (1 9 5 "4— i>2 2~2 6*ri#ffi0 • 
[0 0 4 8] Wtik. £rtiffl&8#8*mBI "tt • «» 

i^d5i9 r -e© refttt^-j amm*. *ne© 
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[0049] raj£^a«5fflii*il&< D "i8««t*? 0 

vi>? h" (1 9 8 1 ~1 9 8 6) Ift^©*^* 

(S) 1 ~-i o o nmoisHrotroS "Mfifctft 

(utlra fain particle) bty&Z tl=Lf=. f&i 
Hi(0ffl«ttt^l**J**1 0 0~1 08 ®< &l»©»* 
©*£(**: 1*5 JR*©/*at"C**ttfffl*tt 

«j #±ftt. ±EH&-> HJBSUB «• HOttHl 9 88 

^ 2 ^-s?i~4ffi#RH) y*&i=** 

©tt*l*. fif5^f-t««tf*l.*J (»»2'*-tf 
1 2-1 3fr@#Bl) . 

[00 50] J3l±©J;3*-«W<i:"*tf7j*-5»**"C, 
*WIWI=iSt^T rjBWtt^J t&l nm~»/im<0|5 

[0051] bi=. ita^fffli^i^at I'ti*- 
97-f-tt«i=*y. Bra©tt«i=±K<»*t»* % &** 
[0052] -a, »a»ft»***«:i=*y» *-* 

»**B*«MH1«BI=*MM" LTI4, F E 

(Field En.ission:ftfM&*t> ©■mTCffll* 

•VSTM (Scanning Tunneling Microscope: ^;SSiH> 

*^«««) ©Sfit©ft»t-ffl^&* 1 '*®^* t * ,f& * t 

m*»wr»l. ^©w^sy^i-f^-*'*^^^^ 

ya-V', ®«©??l='S'SS 1 ^^ <n * JBf,:: ' !?x ^* ft,t 

[0 0 5 3] JiLh©3!r3*l=J:oT»6*i«*-»K>-*-^ 
*a-^**M>MW®ft««rt(ia*B3l=wr. 0 3 

(a) ~ <c) I*. »(*1±IC*-^>^/^i-^« 
SBateW2A^jaS*vfc*lS*^MWi®Bl t 11:8 

L7t*©-e» S3 (a) l*fflMt**"ll*-CJW*** , 'fc 
®3 (b) '*y V^97-f- ttlBSI'lfflU'CBTS 

B3 (c) i*?gje«3e (K^*<«ftft*^) z 

[0 0 5 4] *«SW©73^l=ffl^»**<*^ UTI*s * 

x #*<#if6*i. *»w©si at;m2©aiit73^t?i* 
t*4. 




(8) 



[0 0 5 5] *n.-7<DtiL&?3&tLX 

14, 3M8WCDS1 0ffllit^TI*X3Sya-»m^^y 
[0 0 5 6] *»W<d» i a)MS*a*ei*^ ±5fiLfc* 

[0 0 5 7] 8<*tDiSSA<»7Lfc£d*T?. 

rt«»ftL"Ci o^/*xrt/u^£l-&ffl::L-c*>^ * 

[0 0 5 8] sB»«rtl=»A-r***»AfflO«»fc 
^*+f>. x^u>. r-b^u>, 

[0 0 5 9] «»#X(DSK*«rt^©*A«»^»t» 

*&£i*&o sat^p-ttmt Ltit B/sia (rf> 

[0 0 6 0] ^-TRi/^-y^i— 
M % ipnMftJHk H»SBH*«k *»9M*« 
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[006 1] n»ffl5H*!S»«)TE011*-K 

lcLfcnJBI-»ofc*rtre*y* Rfl*ffiP*«»G>TE 
KW*B4 (b) ^Lfc<fcdl^SaE(iR©cof4 

[0 0 6 2] &*>\ *(*fflJSl±. WB400-900 
[0 0 6 3] M^P-MtLt^-f^PM^fc 

TS*<n=e-$~s E*BK/^u^ rfxatSftfciftfift 
■ S*iTi*4. *fc* R»£;1fc*«#fc^^*>^* 

* s?i= «k y wmv * & <fc a &«5>o 
[oo6 4] ca>K*i=sivci*. fcrfctM^y— 1 

1 o-6/<x*;uga*-ci*ft-r&p *o>ift«»«' 

-2-1 04/<XrtJU(&ffiK^P>38ft1" *wfcA<-C#*- 

^P^CO^S^TLr^^X^^ihA. ^fX^J&^jS 
KLfc»Jtffi3IU afR'J-^Lt]5>6»l*1 **** 

[0 0 6 5] 3ESSyP-»fl*SfflatL-CfT3 




(9) 



«fc 5 lc£{*(0*m*«it£3l!K UTS^S w t ft<"Cf # 

*< % acmiiiTt;. sratfwtefciwPB t-r i- 
i^msstaro-tisi*. ««•*. #xEtt£i= 

t&CTffiSRlfirefc&tf. 0!l*.lf$*n OkV/cmSS 

[0066] <fjs. ±aLfct6yi*»w:*-* 

/ =f. ^ _ ^ajfiES^fQiroHSBflffil* >- % 
tf, SSiRSffll^ia^t^ JMI=C + «i:if©'r*> 

[0 0 6 7] @6i=iSS«*ffi^t:*-?Hv±>^^- 
?£jfc&*t±-&£e<o— ®6i=*>^-c. 21 

liSJBSS. 2 2l**HSimfii. lliS^-efeS. 2 41* 
7l*o-$'J— — 

S^XroiaS^IE*. «Am*tP5i:-C»mm~1 0 0 

mm*-C<»«SHT?RlSEI=fifii5"C**J : ' |::L " c& * ,> & 
*5, »[6jSffi2 2^S*^;uy-2 4l*X/^V*'J>^ 

K«fc£5F»«!l<05!A*S!lf £fc*>. 

[0068] caj^si-fcit**-^^^^-; 1 --^ 

■f. J5JCSSS2 i 4lcSf*i *-tr-v 

h LTA^SfftJS 2 7 |;<fc y 2 1 W £Sr£0)E 

^U5C-2 4$6 0 0T3l=»D»t. WMl* ($l*.lf7 

AS?) S^A-T-S. #XSSAM«j«<DK& i S ! «2 1 l*J<0 

-cWR**t-&*><.. »Eai*«*.tf6oo/<*a;ui:-r* 

[0 0 6 9] K(S®$&2 1 fll::i?r£0>E*>/><££l>t# 

£#e£*-e"c£{*i ±-eroa-#i'*/ 
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2 1 rt£jcffi«mu at*i <755affi*^jSi=L.-cA^e>s 

[0070] isi±l»WLf=*;«W<o^i=<fc*i.i^ » n 

[007 1] *#6W©SB2 0)»jfi*aSl=Ol>Tltt 

*-T. H7 (a) (b) 1=**" <fcdK£ 

<*icoa@«ei=«fflfl.^fi)iiii a^isit*. a*. 

ct*<T?#-5. Jfcl=, 07 (c) |c^f<fc^l=S<*SH 

*lf=!Mfl.3(D)Sffl5l-ia7 (d) l^'T<fc5l=fiE^«2S 
i^St-CA^c»s C<DJ5ES«2$te^i:L-C*-^^/ 
^i-^4&Jfi«*-tf'S (®7 (e) . 
[0 0 7 2] C05^l=fclt-5«ifl.t l-ci±, 0iJ*.liP8 

a. If. H»«ai 9 9 6^5fl#S7HI=»HI=BBjP!4 

[0 0 7 3] «<IS.If. 3t«:S®ro A I @0>aS£mfl¥W 

3M->aH*585S) ir|S«tftlcSL. »jaro;flffi*PS 
ffi^bl=ifcS^;flJS. ««S.lf i 7«ci::SS£*tfCA^m 

ro.fcd*ffiai-«fcyKi^S (KJS^ifii) -efr^*«» 

i> 0 crowroggii 5 ~ 2 o o n mgs-eft y . 
g^>ai*i4jsisrofi«^sa. EpjjQmE^ntrafc^i::* 

a>iiaai®'ibi=«k-5ffl?L»sfci±, -t-<0&<Di&aea>Ji*js 

[0 0 7 4] «!?U&riclf±: LT<D A l@0)H»lt. 

ct^tss. ®«±ica i g*ai+«.*^i*. *ffi«s 

[0 0 7 5] c»*atfiit6*-'K>t>'fi-^ 
fiE^lcli. 0i|jtlfl£<**I®^X (^Slc(BU.-C*»?^ 




(10) 



y, *o*L**itm*lrt*t«>it**it**>*** £ 
#-e££o c(D#&ffx<t LXi*#J*iSs r/u=f^*^ 
[00 7 6] ^(Dcfc^ft*-*^^ ^a— 

7-38, K(*Kfl|ffl<D*{*^;U^-3 3**<lBB**i 

«<drb»t?j»**£u a«*^4f-3 3iziw**tfc 

fc ft * * * usbus *tr 

O 0 *fX»ft^-f>3 6l**-##*iK>^P*y- 
[0 0 7 7] C<DSSBT?fl)*— 

li, jfc*\ «M2fcLT«W=l«******tt* R 
BU »*7^fV3 6J^6JEJi6«Hl3 2n61#*U » 

^tBfSa>a«"C»AU-CR*Wll3 2rt*Hr*«)E 

(«M.tf7 0 01D> tfajtLfctC**- ^iAf3 
4fr6i»*XtIlf*«>>Ui'e*AU-C»»3 2<D*ffi 

y^a-^trtfi***. C0B#(DJ5J6§!*3 2 WOE 
00-1 

«t y * c * *<-c * *. 
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[0 0 7 8] fiffM t "T ^^fc^^*^* * 

yffl-r. 

[0 0 7 9] »&*L**-7B>^/^i-^l*«lfl-<0» 

tt*fittLT*#fc*B;&flicfcy. *fc*a>nwB*» 

[0 0 8 0] *— *©JMUM*lfc* (R 
ft) B*f»* S»^XCDJEJS®»W^a>a*«l=cfco-C«!l 
MWttT?fty« #J*-l£|g|7 (e) |C^-f £3(Cffl?lfriE> 
l»BLfc*Bi:» fc«lM*H9 Ce) IC^i-«*:3lZ*ffl 

fcfc\ 09(e) |C^-rfflfL***T?<Dfitft(D*ft. » 

ic* yfflfLSfrtftJKDSffiKWfflS 

[008 1] C«*a-C»&*t**— ^a.— ^ 

m~ft1 O^ml-^^o •BTUDWttSKttTZ** 

IN^CDTf mSm^JftfciJ^ STM4 JfOHttHP^-f 

[0 0 8 2] ^1-. 2 fl>»a*ft^«lt*« 

ftlffl?l*iftl*fc^X££l£ffl^fto d(D*ttl=i3lt4«B 

2««Klt6*t*. c©K»«i:Ltl*ftl^fc©tW 
WfflT?*ft*<, ttfr-CtttMW, Wnm-»nm 

<Dtt«t*-r*««ift^»* **** lt&b 

LxA>e>5l7L»Bft*^ 300-100 o°cT?r~-^ 
•r*ctic*ytMW*ci:*«-c#*. 

[0 0 8 3] ^^1*1 <DfiE*tt2*lftltfcaiC, ^3 

■C<Rjh^Lr*»i a>RrftHI=K1K^%» ccd^x^ 5 




(11) 



1 OOOnm(D$ffl?L(D£»A<. &fcfsJ5££*>\ 

r ;u = -^i*<D»4i»ibi:: * zis&tftktmzmm ur » 
[0 0 8 4] Ha^tiict* ai*^-a»© 

9>I*;f>ya («XliB. E. Fisher 

y R e v I e s of Modern Physic 

s, Vol. 55, No. 4 (1983) |::RL<IB3S 

— ftft4f*3pJfflUT*«lliA^*^tt^. fcSU Slit 

AamuMt whit i^o 

[0085] CO * 3 ft 6 1 2 * 

R«LfcBi=««i*-c. 

-C. TX<7 5(D^t-^«i^3(DJgfflJlC-(a^-r>&J«^«2 

B*©*ft#WB**' «*tfB8t?KBtfctt 

[0 0 8 6] 7^>fl)»ift=****»«^* 

**at*p*flM=*yswr*fcBi i (b)co«ftttJi§ 

fc&H IMMWtt tftoti^ot c *u* Jftfttt 2 U 
<it#Mt*m&1Sxa)mttiS*+T!3 0 0~'i ooo 

LfcyrscttflSftt?**- 

[0 0 8 7] C(DttfiSt?±IB(D^ltf5l«SlCLT*-^> 
t/fa-^^^-^^ 5<D*rt£*ffl 
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ut» y *-#>tyfa-?»*«* 

— #1/1-/ J- ol— ?0>fiMtftftl x . 

[0088] ***icT**5«*yrt-ri:* hi 1 

(d) 0>*3i::'*X* 5CDJaft3$-SB*UT. &f*1 <t 

coMMS-ci*. *«air*y«i=**«*B«-e 
**a>-c. ^i-^tfRrtSftft^Brt** 

& «* * * * - 1 tfit £ *. 

[0 0 8 9] C^Sfttft&^iA-^^/fi-? 
m~«M O/lmlcft*. ■ROilWttRWSS 

^a-:?<&*ffl>k fftsbftaM*«t*H^*** : < s * L ' c 

lN4(D^«»«^»*^STMftt-fl>«Stt^-<^P^ 
> xoiBM^ft — * >^ y * a - ?0>tt«*: If & 

*WI*a>««*»****»*^**«^**- * fc 

[00 90] 

*-*\ 536»«0*effil-* 6S»2 0nm(DFeN i 
(Fe 0 ,5N io.5) (DttMKI*** 1 JimfclCJMl 

~8n ofleBa)»»tt»fcft**-3i-»J»«ai=-fe^ 
■csmhri 9ic*y#»ufc. iwuisso 

8 3b>6»AU C ft &<D#X 
fr67-f*P« (2 0 0W) T^V^* 

9I*U saiy-^LT^6»***«*i-»y*u 

fco »yfflUfc5»*«>«B*FE-SEM (Field 
Emission-Scanning Electron Miciroscope: m^*fctll^ 

»<z>*Alc. *o«MMt«mB*m«B«*»fcB« 

^lSjl^iaetfcli&t?l±®*i 20(a) IC^-Tcfc^ftE 
0-»1 0 0nm^)*-#>t^a-W*S 




(12) 



ttStiB £®3S BtiS?J A t *Ht*IS1 l=»S t fc«#U l±H 
1 2 (b) lc*^«k?l=*-'-H>'J->'^^-^S ffi,;:: 

[ig^rtA-? 7 * -h— ft vroitffiMa e>*tfc a<* — 

# / =f- a. - 70Jft Jfci:: Jt-tWWMtC fc - 
[00 9 1] SJS0I2 
5SS«<0S®-tl=. NU Fe, Co. FeNI (F 
e 0 .5N I 0.5) « N i Co (NI0.5CO0.5) . Au& 

fcKttfi-Rl 0«M»1KLfct.©*aM*i:l-"CH* 

^ l ■ s ic^geajTt-wu 

y-±1 4l-Sft«Lf=. *LT££««t1 1 £l o-6/< 
X*IU*-C»«Lfc«*^y-1 4S6 0 0^Cl-*D»fe 

;utL.r. *l/-tfV(D#iSI±0. 

$>v(<?b&l (200W) #««**\ ^ 
fl5L-CS(E«aH 1l>ll:^X7*»4S#. 6 o#ra 

at y tu Lt=5SS«roa® s f e - s e mic* y a« l 

fctC%, N 1 . Fe, Co, FoNiS^NICo© 

ie*tt**#ttLfcC3!*«-tTM*Bn 2(a) 

,fc ? #tt1lS& 1 0~St1 0 0 nmro*-!f>t/ ^3.— 

>©«mba<ii e. ftfc a<* -* ' * a.-*©**** 

[O 0 9 2] 

[0 0 9 3] KlT<03a<DS«*fflSUfc. 

(1) eUSffiilcT I im<&m (KJ¥2 0nm) L 
fcJ:l:PtS7.^7i'aWyili (K»40nm) L 
fc. $e>IC-tro±l=1 0nm©If<5N I SfiffiL, C 

Rftai:J;yS6 0nm~i o^mftroF-v K=K (*K 
V h©raPH : Kv S&©1 0<§gl£) IcftlXLfc. 

(2) PtiH (RJf40nm) Lf=E3?S&© 
*0DI=. »Tfl>*-*>V-X (CH4*fcl**-f^) 

*Ctl=J:y»1 0nmft(0*-Jt«V©K-y t- (#K-v 




(3) =5£3«±l-iKl 1 Onm©EIS©N I H£J«& 
U C*l£S£*T?1 0 O Otil-JJaBfiLTN I 

[0 0 9 4] ^5LT»t.^fcS*S-€-tt^<i^l-ia 
6lC^-rgma>^Wl'^-2 4(Cffi®U &i£©f&2 1 1*1 

£gm&2 7t»i 0-6/<**;u*-e8tStLTt&» 

-2 4$3 0 0°ClZ*D!!ftL, JS^T.-efcST-b^UV 
ICJIDX-C, 'N'J^At*jR*^»AS2 6A>C>»XL 

raizFRSa (300W) SEPHnLr^x^^ie** 

-tj-t3 0#ra«#Lfc. <t*J. S«HHffiiSI(*2 0mml- 
otto, iJxttteSasttUfcStKffi^Rl'- 

L-cA^e>H*y-* L,-c*si*i=»yttJufc. 
[0095] roymLf=5SSffia>S3B$F E-SEM 

l=J;ySSLfctc%, ±lB<7)3a<DS«<nL^^*5 

LMTt. B1 2 (a) lC*-r«fc ; 5ti:iSS»1 0~*1 O 

[0 0 9 6] HJK0O4 

[0097]*f. SSS«±tT 1 skoals (is* 

20nm) Lfc±l-P t*X/<V**l=*y«« «*» 
4 0nm) Lfco -tC0±ICUi;x h (iSa*:RD20 
0 0 ; B3HbJ* «*) ) fc&^U 

^^ffl<»a«<o u v 77 7 ^ — asi-<fc y figs»« m<t>is& 

yCo^fiESL, *©i*i/5?xh«iyi*<cfci=*y 
®3 (c) i-*Lfc<fc7tfnfiitt<oco^e«jt^»« 

[009 8] ca>g«*Sffii t ur06ic*-rKm<» 

^;uy-2 4l=KfiU, SfE#»2 1l*l*^mm2 7T 
lO-S/UAJ^^aWA jM,*-2 4*6 0 0 

^2 6A^e.»ALfc. SIESS 2 1 |»I(0#XE*8EA 

.tai-isssL., s*si t«i6im«2 2(Drai=FRm* 
ooow) *epjnL-c^7X^*»**-tt-c6o#iB 

W»Lfc- !l«iraffi)lil±2 0mmlcPSiiLfco S 

•J U-CTCSl+l-lt y tu L.f=. 

[0099] gsytaof=caafi<»s®*F E - SEM 
iuy«sifct^^ 012 (a) i^-r*5fcEe 

Ski 0 0nm©»-^V*-^^i-^S«A^I5lSS 



# (13) ^ 
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[0100] Hfife^s 

[0101] m&Wl tP«l=5SC0Sffi±lCF e N i 
«1 



gs*£i o-6/<x*;u*-c»«Lfc». B»#x-e*t 

[0 10 2] 

[an] 



No. 






1 






2 






3 




ft* 


4 






5 






6 




** 


7 




H* : He=l : 10) 


8 






9 






1 0 




7K35 



BfS©BE*l=3Lf=t ^-f^nfc (2 0 0W) 

5 3 0*HB«M»Lfc. ftfc. stess 

(46 0 0°Ci:Ufc. tLT^-f 9 n»<DS8»**5T LT 
?7X^£jttf>. #X0«S**BrLfclM*ft3Rl 81=* 

tiBLfc. BimBL*:5*»«©«H*PE-SEMI=J: 
(a) IC*** d&fcSSM 0~»1 OOnmlD*-* 

ttirWTtt«Bftit«<e:h.i.M::*&*w 
[01 0 3) SlUfiWe 

(IfflfLOf^fiE) SlBi**«WJ&Lfcff*0. 5min(»7 



tti:SL, 7*ci=SfSHb**r^6 4ov«> 

mE^EPiiPLri o^M«i#L-cpa«iKibK*»fies-a- 

□ XJt«*t»Mft*£l 4ftK;lLT. -Steffi LfcRfi 
1 7°Clc£3i'fb£li-T!f> N S>4 0 V0>©K£EMlOLT5# 

CoS0 4 - 7 H20£5SS%&tfH3B03* 
T, 5 0Hz. 15VfflSE3ltlESl»rai«BLfc. * 
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|-C oiBatt^ESS^fefflft**® 1 -^*** 5 

ft. g|8ic^-r^S(D7n;uy-3 3<7)RffSii@iciftm 
U »«7-f >3 6-CJSI5WI3 1 «t»«Lt^6, 

ft 5 O s c c m(D3fc&-C#A LT&J£§» 3 1 PWE.1l 
^500/U*;U:Lf: o fit, *n«7^3 7$ 

#X»A«3 4^&^y)A*C1 OfitRLfcif 
L/>#Xft 5 O s c c mO>8ltat?»A LTJ5J6SS&3 1 

rt<z>i£2jfti o o o/<x*;u^lt2 ottm&ftLtz* 

*LT, *n«7>^^$NLT. ^SA§3 4, 3 5 
fr&©#X0>#l&ftttWLfc8L SWLftttttU 

[0 10 4] »«BlLfc»WM*FE-SEMi:J: 
tJftSUt-i: 07 (e) Kg^WI^Ufc*?!- 

[0 10 5] HS6#J7 

FeS04-7H20 5lt% 
H3BO3 2«g% 

coso4 - 7H20 5 aa% 

H3BO3 211% 

*»«No. 3 »***lW«NlWfl : 

N i S04- 6H2O 511% 

H3BO3 211% 

7k)g&No. 4 *«4<l4«fi«FeNI«a^) : 

N i S04 ■ 6 H2O 2lt% 

F o S 04 ■ 7 H 2O 2 SS% 

H3BO3 2li% 

SnS04 5tl% 
H3BO3 211% 



««a>*;u5r— 3 3<D0fStttSir»«L"CisiTa>*frt? 
-f>3 6t?Ri»e»3irt«»*L-c^&, jfxsia® 

3 Bfrfe^U^AT? 1 0fMWRLfc**#**5 O s c 
cm©aE**»AL"CfiJS«»3 1 l*(Dl£*lft5 0 0/< 
XfcJUCLfc. fit. **«5^3 7«41LTI 
<6;&&ft4 oo~60 0TUD*&HrtXffi5£a>;£&KlS£ 

ufc. saa^eeufcflk* #x»At3 4^^«jw 

T?1 0ftlC#RUter-b^L/>*XS5 0 s c cmCD0?E 
ST?j»ALTfiJ6S«3 1 fc<DEE*>ft1 OOO/UM 

X. ^XlSA ( g3 4. 3 5*>*<D#XCD«*a£&WLfc 

^b^+|-S«S5XytUL. ffl)^FE-SEM 
tWLfc. Fe„ Co. N ilf:l*FeN 

WT?ffli>«fcyaita)*-?P>^/^a-^»^"ci^ 

[0 10 6] 3tJS«8 
J?*-0. 5mmfl)P t*«<DSBI-«j£lCj:y - 

Lfco SMC N i S O4 ■ 7H20*5ll%, H3BO3 

[0107] Ji«*H8icwUfc«[«a)*^y— 

3 3 0>Hffttt11l=IWlLT3^fe»JR7-f>3 6T?Sfl5# 

»3i«*«u #x»A«3 5^&^y>A-ei 0 

fMHRLfc**#Xft 5 O s c c m0>3!Efit?WA LtS 
^SS3 1rt(DE^^5 0 0/^X*yUzLfco *LT\ 

9 > * 3 7 * as u r ft 5 o o «ci-s&5£ 

TM OfSlz^LfcT-tr^ L/>#Xft5 0 s c c m<D3& 
*"C»AL-CjEJS«l3 1 1 0 0 o/<x*;u 

|cLT2 0^fffl«^Lfco fit, #*M*9>**»L 

r* ^$Af3 4, 3 53^6o)#xa)«je*a«Lfc 

[0 10 8] *IC ZOMftWHMI=A*U A I ft 
«fit*D»lC*y»A»-C«1 0 0 nmJ$HSLTgBB«i 
ftiMtU 09 (e) lC*f»i6ft»fco C^tftSSP 
WMrtKKKU SSST-XKU tt««BI=»J* 
ufc^®ms (0 9 Ce) T?te 5 -eg?*) ftyuvKfc 
U ElUMLfcttfr&l OmmK*tfcSBrK7./ — Kft 

ait, T/-KI- 1 k vd>«ffftHWPUfc«»-c, 




(15) 



fa-?*67^- K^©A»ft«* 
[0 109] §Sfli0!l9 

L\ «fittlQ8&£SK<fc y Fe£2. 5nm(Bf$l:I8 

ffl«*-p8 0 0°C7*3«'RSy--./U-f S I ^X/\ 
— CDSBI-litt® 5-1 0 0 n m(D F e OTfflffiM&^A** -1 

=.<t>i»«SHMS4: U 3M->a.^ffi7KiSjftl-lS«B4:t t 
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